In performance-based seismic design, ground-motion time histories are needed for analyzing 11 dynamic responses of nonlinear structural systems. However, the number of strong-motion data at 12 design level is often limited. In order to analyze seismic performance of structures, ground-motion time 13 histories need to be either selected from recorded strong-motion database, or numerically simulated 14 using stochastic approaches. In this paper. a detailed procedure to select proper acceleration time 15 histories from the Next Generation Attenuation (NGA) database for several cities in Taiwan is presented. 16
Introduction 26
In performance-based earthquake engineering, ground-motion time histories are usually needed for 27
analyzing the distribution of dynamic responses of nonlinear systems, such as site response or structural 28
analysis. In such an analysis, it is one of the key aspects to use appropriate acceleration time histories, 29 which should realistically reflect regional seismology and site conditions. 30
Understandably, the selected time histories should reasonably respond to seismic hazards at a given 31 site. For example, a recent technical guideline implemented by the U.S. Nuclear Regulatory 32
Commission (USNRC, 2007) prescribed the probabilistic seismic hazard analysis (PSHA) as the 33 underlying approach to generate time histories for future earthquake-resistant designs. Many studies 34 have highlighted the importance of matching a target response spectrum in the ground-motion selection 35 and modification process (e.g., Bommer and Acevedo, 2004). The target spectrum can be obtained by 36 deterministic seismic hazard analysis (DSHA), probabilistic seismic hazard analysis (PSHA) or seismic 37 design codes. A classic example is SIMQKE, which generates synthetic time histories to match a target 38 response spectrum with an iterative process using Gaussian random process and a time-varying 39 modulating function (Gasparini and Vanmarcke, 1976) . The aforementioned DSHA procedures can be performed for major cities in Taiwan, with the adopted 107 seismic source models (Figures 2 and 3) and attenuation relationship introduced in previous subsections. 108
Six major cities are chosen for such calculations, and coordinates of the study cities (i.e., the city's 109 geographical centers) are summarized in Table 3 . For each site or city, the worse-case scenario was 110 firstly identified, and then the corresponding response spectrum was determined by using the adopted 111 local GMPE. 112 Figure 4 shows the resulting response spectra from DSHA calculations for the six considered cities 113 in Taiwan. Table 3 also summarizes the controlling seismic source for each site. For example, the 114 DSHA seismic hazard at the center of Taipei is governed by Area Source C. In other words, the Area 115 Source C, rather than the other line sources or active faults, contributes to the deterministic seismic 116 hazard for the center of Taipei. The same situation is occurring to other cities with an area source being 117 the controlling source. This is expected, since the DSHA seismic hazard from an area source could be 118 commonly higher than a line source due to the relatively closer source-to-site distance. 119
It should be noted that the adopted local GMPE has been thoroughly compared with the globally 120 NGA GMPEs (Abrahamson and Silva, 2008; Boore and Atkinson, 2008; Campbell and Bozorgnia,  121 2008; Chiou and Youngs, 2008). In general, the PGA amplitudes predicted by the adopted model is 122 generally comparable to those of the NGA models, except that for scenarios with distances greater than 123 20 km the estimated PGAs of the local model attenuate faster. The steeper slope of the local attenuation 124 curves could be due to the fact that the local crust is relatively weak, given that Taiwan is a very young 125 orogeny (Lin et al., 2011) . This implies that a design or target spectrum derived from local GMPEs is 126 the moment magnitude-rupture distance distribution of the ground motions in the NGA database. The 134 aforementioned interactive tool, DGML, is used to search ground-motion time histories in the NGA 135 database on the basis of similarity of a record's response spectrum to the target response spectrum over 136 a use-defined range of period (Wang et al., 2015) . The DGML has the broad capability of searching for 137 ground-motion time histories in the library database on the basis of response spectral shape, 138 characteristics of the recordings in terms of earthquake magnitude and type of faulting distance, site 139 characteristics, duration, and presence of velocity pulses in near-fault time histories. 140
To select appropriate ground motions by DGML, it is requested to specify the seismological 141 parameter bounds (e.g., range of considered M w and distance R) as inputs, which can implicitly 142 constrain the ground motion characteristics in addition to the explicit target spectrum. Given the fact 143 that the target spectra from DSHA are a result of the maximum earthquake and the closest source-to-site 144 distance, a relatively large magnitude bound (5.5<M w <8) and a narrow distance range (0 km<R rup <30 145 km) have been employed as the searching criteria, as shown in Fig. 6 . Since all the six cities are located 146 at soil sites, a V s30 (time-averaged shear-wave velocity down to 30 m) bound in the range of 0-450 m/s 147 is also applied. Other causal parameters, such as the category of fault types or the range of duration 148 parameters, are not particularly specified. 149
Scaling factor is another key input for selecting ground motions. In engineering practice, recorded 150 ground motions usually need to be up-scaled to the level of the target or design spectrum. It has been 151 studied that time histories scaled by an appropriate factor could lead to an acceptable response results 152 (Watson-Lamprey and Abrahamson, 2006 ). Yet, if an excessive range of scale factors is applied, the 153 selected ground motion suite might result in drastically biased distribution of the other ground motion 154 characteristics (e.g., duration parameters) that cannot be represented by the target response spectrum. 155
Therefore, a relative narrow range of scale factors (0.4-2.5) is applied in this selection procedure. 156 Figure 6 shows the interface of DGML while searching for properly matched time histories with 157 target spectrum and magnitude and distance thresholds. The ranking of earthquake motions is tabulated 158 after spectral matching process. 
Time history recommendations for major cities of Taiwan 164
With the target spectra from DSHA calculations, the selection procedures in DGML are performed to 165 select a suite of time histories from the NGA database for each city. Figure 7 shows the selected 166 response spectra for the six study cities. The median and median ± one standard deviation of the 167 selected SA ordinates are also compared to the target spectrum in each plot. It can be seen that the 168 selected ground motion suites can properly match the target spectra over a wide period range. Table 4  169 summarizes the time histories selected from the database. Figures 8-14 show the selected time histories 170 for the six cities in Taiwan with seismic hazards calculated with DSHA calculations. Note that two sets 171 of selections were given for Taipei, with and without the consideration of basin effect. It should also be 172 noted that for each site the best-matching motions were selected regardless of local earthquakes or not, 173 in addition to one or two best-matching local motion (i.e., the Chi-Chi earthquake). The multiple time 174 histories in each suite are considered as a measure to account for the variability or natural randomness 175 of ground motion characteristics under a considered scenario, which, for example, is considered as 176 mandatory for probabilistic site response analyses prescribed in a technical reference (USNRC, 2007) . 177 As a result, this study refers to those time-history recommendations as "tentative site-specific," 207 because the site effect is not comprehensively characterized with a more detailed site response analysis, 208 but with a soil-site ground motion prediction model. Therefore, the selected ground motion time-209 histories could be recommended for general earthquake analytical cases, where specific site 210 investigations are not performed. Since the recommended time-histories can reasonably reflect the local 211 seismic hazards at these cities, they should be used as basic results and then be serviceable for common 212 engineering practice. 
Basin effect 214
Basin effect is another important issue to estimate the seismic hazards for sites within Taipei. Following this suggestion, Figure 15 shows the response spectra with/without considering basin effects 218 for Taipei by DSHA calculations. Likewise, the time histories matching the up-scaled spectra (with 219 basin effects) as the target are selected from the database, as summarized in Table 4 . 220
Why Chi-Chi earthquake's motions are not selected? 221
It somewhat comes to as a surprise that the motions of the Chi-Chi earthquake were "out-performed" by 222 non-local motions in matching the response spectra with local ground motion models. This is might be 223 due to two reasons. First, the adopted local GMPE was developed with 42 earthquakes, 85% of which 224 are not associated with the Chi-Chi earthquake, its foreshocks and aftershocks (Lin et al., 2011) . 225 Therefore, the influence of the Chi-Chi earthquake (or others) should not play a dominating role on the 226 model performance, given such a pool of data employed. Except the Chi-Chi earthquake, most events 227 used for developing the local GMPE are not included in the NGA database. 228
The second reason is that the employed searching process does not specify more weights or 229 preferences to local earthquakes. As discussed previously, the search criterion are only associated with 230 the spectral shape, as well as seismological parameters such as magnitude, distance, site condition, etc. 231
With this in mind, as long as the size of the database is sufficient, it is not surprising that a non-local 232 ground motion can be found better matching the target spectra. This could also be the reason that the 233 NGA database features the functionality to perform limited searching among selected earthquakes, 234 when local earthquakes are judged to be more suitable for an application. 235
Conclusions 236
The paper presented the procedures to select earthquake time histories with target response spectra from 237 deterministic seismic hazard analysis (DSHA), using the recently proposed DGML selection tool. The 238 worst-case earthquake scenarios were first defined for six major cities in Taiwan, and the response 239
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